Introduction: Kawasaki disease (KD) is an acute febrile systemic vasculitis with unknown etiological agent. It had been suggested that KD might be closely associated with an Epstein-Barr virus (EBV). The present study was carried out with the aim of evaluating the correlation between EBV and KD.
Introduction
Kawasaki disease (KD) is an acute febrile systemic vasculitis affecting children between six months and five years of age with an unknown etiology [1, 2] . Although KD is the principal cause of acquired heart disease in children, its etiology still remains unknown [1] . Microbial infection considered as one of the KD causes. However, in spite of much effort, the etiological agent of KD remains unknown [2] . The Epstein-Barr virus (EBV) usually cause asymptomatic disease in young children and consider as primary cause of infectious mononucleosis in some older children and young adults. It has been suggested that KD might be closely associated with an EBV. Association of EBV with KD in previous studies was contradictory. The aim of this study was to determine whether EBV infection is associated with the KD in Iranian children in a referral children medical hospital.
Materials and Methods
We evaluated the relationship between EBV infection and KD between 2010 and 2011 at Children's Medical Center, Tehran, Iran. Patient characteristics (sex, age at diagnosis and symptoms) were extracted from patient records. This study was approved by the Ethics Committee of Tehran University of Medical Sciences.
Diagnosis of this KD is based on some major symptoms including fever lasting five or more days, conjunctivitis, inflammation of the mucous membranes of the mouth and pharynx, edema, erythema, desquamation of the skin of the hands and feet, a polymorphous rash, and acute nonpurulent cervical lymphadenopathy [3] . For a diagnosis of KD, at least 5 of these 6 clinical criteria or symptoms should be present [4] . Incomplete Kawasaki disease considered in all children with unexplained fever for ≥ 5 days associated with 2 or 3 of the principal clinical features of KD [5] .
Forty one cases of KD included in this study and fifty healthy age and sex matched children were used as the control group. In KD patients prior to the start of intravenous immunoglobulin (IVIG) therapy, and from control group a blood sample was taken and blood was then centrifuged for 6 min at 3000 g, the resulting serum immediately frozen in sterile tubes at -80 °C.
We measured antibodies using commercially available kits Viral Capsid Antigen (VCA), EBV ELISA kits (IBL, Hamburg, Germany). For EBV polymerase chain reaction, DNA extracted from the blood samples and nested PCR was performed. Primers appropriate for nested PCR test were chosen from a similar article [6] . The first run of PCR was set in the volume of 50 µl including: 3 µl of extracted DNA, 0.75 µl of MgCl 2 , 5 µl of 10X PCR buffer, 2U of taq enzyme and 20 pM of each primers for both of virus genotypes (E2P1: AGG GAT GCC TGG ACA CAA GAG, E2P2: TGG TGC TGC TGG TGG YGG CAA T) for the amplification of the 596 bp fragment from virus EBNA-2 gene. The characteristics of thermal cycles was: 94 °C for 3 min, then 40 cycles containing 94 °C for 35 s, 72 °C for 35 s and 72 °C for 45 s. The second run of PCR was carried out by using of PCR products from the first run and by the same condition but with the specialized internal primers Ap1 (TCT TGA TAG GGA TCC GCT AGG ATA), Ap2 (ACC GTG GTT CTG GAC TAT CTG GAT) for A type and Bp1 (CAT GGT AGC CTT AGG ACA TA) and Bp2 (AGA CTT AGT TGA TGC CCT AG) for B type virus.
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The PCR product was electrophoresed in 2% agarose gel. The 596 bp product of the common primers, and the 497 bp and 150 bp products of the type-specific primers were visualized under U.V light.
Statistical Analysis
The Statistical Package for the Social Sciences (Windows version 16.0; SPSS Inc, Chicago, US) was used for all analyses. Descriptive statistics were used to summarize patient variables. A p value < 0.05 was taken to be significant.
Results
The totals of 41 children who had been diagnosed with KD and were not treated with IVIG during the febrile period were included in the study. The mean age of 41 participants was 53.3 ± 34.6 month (range 2 months to 11 years) with a male-to-female ratio of 1.27 (23 males/18 females). Fifty age-matched healthy children with a mean age of 52.4 ± 32.1 months were used as the control group.
The whole patients had fever with the average day of 6.5 and the maximum degree of 40.7 °C. Among 41 patients, 29 cases (71%) and 12 cases (29%) had complete and incomplete KD, respectively. Previous antibiotics usage was observed in 33 patients (80%). Approximately 30% of our KD patients had white blood cell counts > 15 000/mm. After diagnosis, the whole patients were treated with IVIG at a dose of 2 g/kg with aspirin (80 mg/kg) and four patients received the second dose of IVIG.
Clinical features of KD patients are listed in Table 1 . The most common symptom of KD in our study was dysmorphous skin rashes (82.9%), changes in the lips and oral cavity, strawberry tongue, diffuse injection of oral and pharyngeal mucosae (80.5%). Elevated erythrocyte sedimentation rate of KD patients was 74 ± 32.1 (range 20 to 150). Out of 41 patients being analyzed, 11 of them (27%) had EBV DNA (type B) in their blood. Frequency of infection by EBV in KD patients by means of PCR and ELISA were 27% (11 patients) and 36.5% (15 patients), respectively. In addition, 32% of control isolates (16 patients) were seropositive for VCA IgG and 38% of them (19 patients) had positive PCR test. The differences between frequency of EBV in cases and controls by both PCR and ELISA methods was not significant (p value = 0.25 via PCR method and p value = 0.64 via ELISA method (Figure 1 ).
Discussion
Although the etiology of KD remains unknown, there are attractive hypothesis that it is caused by an infectious agent [5] . EBV is one of the most common viruses in human. EBV infections of adolescents and adults usually result in infectious mononucleosis while most cases of infants and children with this infection are asymptomatic or have nonspecific symptoms [7] . This disease might spread by intimate contact between susceptible persons and asymptomatic EBV shedders. EBV seropositivity among children has different geographic variation. Low income and crowded family conditions consider as one of the vital factors that increase the likelihood of being EBV seropositive in children [8] . It has been reported that the positive rate among children in Asia is much higher than Western countries [5] . Poor socioeconomic conditions have been associated with early primary EBV infection, whereas late primary EBV infection is seen in populations of high socioeconomic status [8] . The majority of primary EBV infections are self-limited clinical syndrome and asymptomatic.
Despite the relationship between KD and EBV have been studied in many cases, studies are not uniform in their conclusions [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Because the prevalence of EBV is closely related to age, we carefully selected the same-aged controls. The results of this study indicate that nearly one third of our population (both patients and control) not only were seropositive for EBV but also had positive polymerase Several studies in Japan reported sharp contrast between EBV seropositivity of KD patients and control groups [9, 12] . In Huang Y et al. study, the age group of 1-2 years had the highest detection rate for a primary EBV infection [19] .
In this study, 27% and 38% of KD patients and age/sex matched controls had positive PCR test of EBV, respectively. In the Kikuta H et al. study, 60% of KD patients had EBV genome within 2 weeks after the onset of KD [20] . In contrast, among 17 control DNA samples, only 12% were polymerase chain reaction positive [10] . In another study on a two year old boy, concurrent KD disease with a primary EBV infection suggested the probability of EBV as an etiologic agent related to the KD [11] . In Marchette NJ et al. study, 22% of KD patients and 45% of controls were anti-VCA IgG-positive and this difference was significant [16] .
In Okano M et al. study, 41% and 83% of KD and control groups were seropositive, respectively [15] . In another Korean study, there was no difference in the rate of positive serology for antibodies against EBV compared to control group [9] . Several studies conducted in Japan reported that the incidence of the EBV antibody in KD patients and in children with a past history of KD is meaningfully lower than that of age-matched control children [12, 13, 15, 20, 21] . Our study similar to other serologic studies indicates that EBV is not the pathologic agent of KD [9, 16, 17] .
In conclusion, no association was found between KD and EBV and KD children seem to be infected with EBV similar to normal children of the same age.
